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.Direct Current Ra&isﬁivity,@aophysiéal.Invqstiqatian of
.‘ Buried Hatalwﬁaariﬁg Sludge Ponds
Litton Advanced Circuitry Division (AcD),

Springfield, Greene County, Missouri.
1.0 INTRODUCTION

This report praséhta the results of a direct current electrical
resistivity survey conducted at the Litton Advanced Circuitry Divisioﬁ
(ACD) facility} Sprianield, Greene County, Missouri (Pigura 1);. Tha
gena:&i requirements for this atudy'wari .atablish.d during
discuaqionn with Mr. Artﬁur J. (Chuck) Gorﬁon, CPG,'Pfojoct Manager ‘
for scs EnQinaqu and Kenneth M. Euge, R.G. of'G.ologicalZCGnsu;tants
during July 1990. The scope of services is defined in Geoioqical
Consultants Pro§03al'for Services dated August 3, 1990 (revised
November 16, 1990). The work was pcrtbrncd under an hgrc.nnpt'bétween

'Géoioqical Consultants and SCS Engineers dated November 16, 1990.

The purpose of this investigation is to obtain rcuiitivity da£a thai |
san e Baad-to identify low resistivity targets at the Litton ACD.
site. Targets include the suspected locations of the "New" Acid Pit
and the Former Sludge Pit. The taigcts reportedly contain high
cbncentrationa of ccppCf and other metals found in soil sampled by SCS
- Engineers (1990). Presence ot‘matals 1n'thq ligi soils has resulted

' frém past practices of on-aitc disponai of industrial processing .

' wastes. :In“additidd to idantifyinq th-'liaits of the disposal areaé,
‘oth§r~p0tsnti§1 targets are defined for.conliduration of future

evaluation.
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The surface g&bphyqic&l methods used to ndanurn'in-ﬁlacu apparent
electrical resistivity includes the following direct current (d.c.)

nethods:

- 1) Vertical slectrical soundings (VES) using the Schlumberger
‘electrode array (Figure 2) can quantitativnly'dotcriinc uubnurtaca
layefiﬁq (baaﬁihq thicknesses and-intrinsic rcaistivity).' A'lgydr éan. .
be distinguished by this nethéd if it :eprcschta a ruﬁittiyity |

contrast between adjacent layers.

o2) .Horizcntai electrical profiling with the Wenner electrode
argay (Figure 3) can be used to detect publurfaéo resistivity changes
iﬁ'a horizontal direction. Appafcnt resistivity values are contoured
t§ identifty Iato:ai variationu of abnaryally high and ;ov ruliitivity

areas.

Field work at the Littcn ACD site was p‘tforiﬁd by Goological
chsultantn between December 17 and 21, 1990.
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2.0 znxcrachL'nzsxsrxvxrv SURVEY METHODOLOGY
2.1 Instrunnnﬁation o

Apparent resistivity h.a-urnicnt- can be made by causing a known
current (I) to:fqu between two outer electrodes (steel rods) in
contact with the ground. This current establishes an oioctrtéal_r1¢;d
in the earth with the distribution dopcnding on tﬁa routstivitio- and
thickne-sin'ot thoA-ubsutticc laiorials. ‘The electrical field wvas
d‘tcrnincd by measuring tho'pdtontial difference, (A&V); betveen two
inner surface electrodes (steel :odl). The systea instrumentation
employed during ihi- ntudf wvas a Biion Model 2350B rn.iativity meter.
The syst-l l.nnitivity is about 3 ohl-to.; (1 ohm-meter) . o |

2.2 Vertical Electrical soundin§- (VES)

In vertical electrical noundinqs, tﬁo icparation (L),bctwoon«ﬁhg
‘éu:rent electrodes is increased along a straight line. The inner

. electrode separation (MN) remains fixed at the array cihtgr. As the
array expandi,.tho .iodtrical field at groitcr depths produces a : ’
iargar influence on the surface measurements. Thorofor-, ﬁho
effective oxplo;ation dopﬁh increases as the curr.nt‘oloctrodn.
sopafation increases. By expanding the array and making several
measurements, it 1- pogcibld to construct ah apparent roiiitiﬁi:y |
sounding curve to interpret the number of subsurface layers, their

| thicknesses and intrinsic fcoiltivity values. ‘sﬁch'Lhtctp:otaticnj
3
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are ndn-uhiquc,-but the 1nt.r§rotation- can be constrained by oithcr_.

sit-.qtolagical‘intat-ation q:'-ubiurtac. cxpldratipn'dnta.
2.2.1 Data Acgquisition

The locations ot th. VES are shown in Figure 2. SOunding- BS-1a and
- BS-1b worc pcrfornod to develop a background ‘resistivity geoelectric
earth model. Tho area is reportedly unaffected by wvaste dtlpocll.
SQundinq. SPS-1a and SPS-1b are c.ntorod at -onitor wvell MW-7 whor.
~~high metal concentrations have been rqportnd.

About 15 measurements wers made for each .oundihq, with the cur:.gt
electrode separation (L) expanding progressively from 3 feet to 300
feet. Using a maximum L-spacing of 300 fest, the effective
penetration ddpth for this lurvcy'uhculdlh. grultor than 75 feet (Roy
and Apparao, 1511). Data vere toducod:anﬂ piottOd in the field to ‘
provide a ch.ck‘on'd.ta qualitj. ' ‘

2.2.2 Data Reduction |
Apparent rqsiltivity_vnlun- vere calculated from the observed data
using tbo,téllovinq equation for the Schlumberger olict:od. artay

 geometry:

Pa = 2 V7 (V/I) ooe/2) [ (L7 WMy - .25 ) ohm-feet.
. ) . .
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‘To abtain apparent resistivity values in ohn-nntorl. -nltiply ohm-feet

valucs by 0.3048.

Sounding curves were constructed ulihg.aﬁpnrcnt rolistiéity verses

- L-spacing plotted on 3-cycle log-log grid papor;' The resistivity
so&ndinq data were interpreted with an inverse and forward modeling
program, RESIXP (Interpex Limited, 1988). Porward modeling permits
the calculation of a synthetic riuistlvity sounding éurvd for an earth
model with several lay.rl (nuvis, et al: 1980) . Onc.'th. Scit |
estimate of the -odnl cenpur.l tavornbly with the observed data,
inverse -odc;ing is pcrtorn-d. The resulting inverse model is
d@vclopig from a least squares analysis of the data. This is
accomplished using ridge regression analysis (Inman, 1975) to adjust
tho'paranctoru of the starting geocelectric model. Tﬁi final lndcl.vas
.ohéain-d by connﬁraininq some of the -tartin§ pnrdn-tor- 5&&04 on
knovledge of the soils and bedrock stratification characterized in
site borings logs (SCS lngino.;., 1990) .

' 2.3 Horizontal Electrical Profiling

. In horizontal resistivity ﬁrotilinﬁ, the Wenner electrode array is

used at dift.rnnt locations while maintaining a fixed electrode | |

spacing. Herlgontal protilihq means -qvinq a tlxnd~lftay at regular

intervals along pn:illcx'gtnv¢r¢u~1£hng; The apparent resistivity

value is associated with the location of the array center. Boring

1og'-' (scs Engineers; 1990) and the results of the VES’s vere used to
S
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determine the nominal .pocinq for the wonnor uloctrodo array. The
array spacing is lnloctod 80 the ottoctivo depth of investigation
envelopes thc lulpoctod low roliativity targets. Resistivity station
'spacinqn along traverse lines are noloctod to be clnllor than the
toaturo to be detected but the spacing can be incroaood baood on tho _
- data obtained durinq the curv.y. The apparent r.oistivity values at
the urray c.ntorl are contoutnd to define the approuillto 1atcrn1
1limits of the low ru.iotivity tarqota or anomalies.

2.3.1 Data Acquisition

The areas lnv-ltiqitod using horlzontal electrical profiling

. techniques are depicted on Pigure 2. A Wenner array current electrode
a-spleing of 20 feet provides an effective inv.otigatlon depth ranging_
betveen 5 feet and 10 feet below ground lurtce.. Data were reduced
and plotted in the field to provide a check on data quality.

Near the 'ucu' Acia Pit, 78 npparnnt t..istlvity values wvere nnaaurad

',at 20-foot centers llong 9 north-south ortoatod. pnrallol travorno

lines (Drawing 1). s.purltion between traverses vas 20 toog and 40

: feet.

 ‘ Eighty (80) apparent r..iotivity valu.. VRS abtalnod ‘in the Pormer
:SIudqo Pit area. Resistivity stations were ulually located on 2o-£oot
centers. So-o 40-foot center lpnclnq- vere used on the east side
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where high resistivity values were observed (Drawing 2). Traverse

lines were about 40 feet apart and oriented in an east-west direction.
2.3.2 Data Reduction

Apparent resiutivity values woro'calculatod from the observed data

- using the fo)lovinq'dquation:for the wgnh-r electrode array geometry:
Pa = A [ 27/ (V/I)] ohm=-feet

Successivo‘rélistivity noasur#nenﬁl'dbtainbd at éittoront'locatiani
along the varioug.trave:u§ lines using the same electrode a-spacing
shauld provide a wiightod sampling of earth rcsistivity at |
app:o*inétaly ihc taﬁa depth (Hooncy, 1980) . Individual :ocistiVity
values at the array centers aro‘coﬂtoured by interpolation between
adjacent array centers to define 1in§§'6t equal apparent roqistivifyA'.

throughout the area investigated.
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3.0 RESULTS
3.1 Vertical Electrical Soundings

Soundings BS-la and BS-1b gPigur; 5) were run in an area centafed'
approxinatily 350 feet southeast from nonitbr weli.nw-j. These |
soﬁnding are used to divelop'bacquound~gooolcctfic sections which can
be correlated to the éedlogical éito'conditionl; ~According to Litton
ACD representatiﬁes, this pértion of the sité was not used for waste
disp&uil; The area is used for contract farming and cultivation of
cattle feed. | L P |

The data curves show s-all'adju-t:cntc b§twc¢n dit!cfcnt MN electrode
'seqnents which inpliel'thd qdrroundiné area is rclativolyllatnfally o
homogenedus; 'Tho gecelectric sections show very moist to saturatéd »
residual soils consistin§ of a medium rcsi.ti?ity‘lilty clay or clagay :
silt in the upper 8 to 9 feet. Underlying the surface soil iay‘r is a
"1ow resistivify; probably laturafgd,'HAlniv-'élay layer about 22 to 24
fget thiék. The bottom of the lower clay conld be iaaily intcrproted
ét'depths ranging from about 31 to 33 feet below ground'turtacc whire

- a hiqh'feailtivity.zono is .ncodnfcfod. ‘The high rdsinti#ity zone is
1nterprctod_to rcprcsont massive lino;toni'bodrock which ‘is known to
underlay the entire site area. The interpreted layer thicknesses and
vresistivigiil at this loéatiéh are believed to hh?a an nnccrﬁainﬁy‘of
about +/- 5 pirdcnt. The layered earth model in this part of the site
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is in general agreeément with logs from subsurface exploration barings

drilled at the site.

Soundinqa'$P$-1a.$nd SPS-lﬁ (Figure 6) are centered at monitor well
MW-7 near the Former Sludge Pit and thé'Formar "Original®™ Aéid Pit.
'Thetsounding lcéition was scledteﬂ in an attnmpt'ﬁo chafactarize the
vertical distribution of Icw reuistivity layors that may rcpresant

accumulations of netal concentrationa in the seiln.

The data curves ind;cati the presence of hodaratad adjustmants between
the shorter electrode s-gnints indiéatinq ﬁh. ﬁoociblc.prtsandd of
lateral varijations at shallow depthl. The gcoclcctric -ections shows
a very moist, 1ow to moderate’ rc-isfxvity surface layer possibly
reprcsenting disturbcd clayey sails 5 ta.t or lnl- thick. Undaer;nq
the surface zone is a very low resistivity layar ranging from about 3
feet to 5 feet thick. This very low resistivity zone is believed to
be attributed to concentrations of noh;ld metal ions in the very ﬁoist
soil. A low :eaistivity layer, similar in character to the'clay'layer
identified at sounding BS-1, extends from the base of thc.very low
resisﬁivity layer to a depth of about 27 feet below ground surface. A
' vary'high roiintivity zons, interprotid to rcprclcht mnassive .
limestcna,'undcrliun the clay. The 1nt.rprotod layer thicknesses and
resistivitie- at this -it- arc bcli-vcd to have an uncertainty af

about +/- 9 pcrccnt.
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The layered ﬁarth ma&el in tnls area appears to be ﬂ@ﬂﬁis&sng with the
site gaoele&tric medal whare wasﬁivs lim&&tana bedrock is encountered
about 30 feet below qrauﬁd snrfaca. xaw¢wwr, the near surface zone

apgears to be significantly affsctsd‘by latéral,variatiana in apparent

'rasistiviﬁy.

' No vertical alectrical soundings were performed at the *Rcw" &cié Pit
" area due to the close proxinity of the Litton ACﬁ tacilitye Site
structurna that could influence VES rcsistivity readings incluﬁa the
| large asphaltic concrete paved areas, chain link;fcnca:, existinq
disponal.ponds, and buried piping. Spontancoua'potontiﬁls in the
‘earth may‘bc generated by galvanic phenomena around clnctrochonically

- active materials or provide short-circuit path: for the current.
3.2 Horizontal Electrical Profiling

'Resistivity profiling ncar~t§a "New® Acid Pit shows a significant
variation in observed apparent resistivities ranging from a low of 33
ohm-faat (10 chm-meters) to a high of 208 cha-feet (63 ohnmnetors)
Variations are probably attributed to the near surface lateral changes
in the shallow gecelectric materials. §.¢0ﬁ¢&ntration.(hr.a A) of
very ‘low retiitivit? valuss &pécar ﬁc define a rectangular area
interpreted to represent the ¢cn£iquratioa'ana.lqcatign of the "New"
Acid ?it (Drawing 1). fhe vnry.law :iai-tivity values extend
northward from the :ﬁspcat&d pit site towards an area aasc:ibid'hs the
qugr?ﬂrcoliﬁicn Pond (Area B. | | ‘
10
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Variations in observed apparent r&aistivitias are alaatfbund near the
~F§rmer Sludge Pit. Values range frém'a:iew of 28 &hm~teat (9
'chm~meﬁers} near mumite# weil MW~? to a hiqh'éf Eéliéhmu feet (80
ohm-meters). Several very low rasistivity target# ara dofinaﬁ by'
resiativity contéuf mapping in thé area (Drawing 2). A rectangular
target (Area A), approximataly 50 faut by 100 feet in size, is 7
centered about 150 fget southwest arrmnnitor wall MW-7. Area A is
interpreted to represent thé Former Sludge Pit site. Ahothar taréet
(Area B), 50 feet by 80 feet in size, adjacent to the suspected 51udga
Pit is alno rectangular. Area B exhibitl a similar ranga of very low
rasistivity This target may be ralat.d to the Sludge Pit.

A b:oad, vary'low resistivity area (Area C) ncﬁr nonitor'wnll MW=-7
- includes some of th§ lowoit observed apparent rosistivity'vdluiu
‘measured at the Litton ACD site. The Former 'Originai"hcid Pit
dispasai site is reportedly located in.tha same general #tea (scs

Engineers; 1990).

11
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4.0 CONCILUSIONS AND RECOMMENDATIONS

Direct Cur:ent @i@uﬁricai ré&igtiVityugurv@ys appear to have
successfully identified the &ppxmxim&tﬁ locations of the "New®™ Acid
Pit and Former Sludge ?it.disp@sai sites at the Litton ACD facility.
Low apparent r@sistivity anuaaligs are fﬁﬁﬁd saﬁtﬁwagt.ot monitct well
MW-7 and adfac@nt to the nsfthsaat side Qf the ?&veﬂ parking area.

The anomalies are interpreted tc'be attributed to high concentrations
of metallic ions in the near surface.noils vhere industrial'praéessing

wastes were disposed of in the past.

' The limits of the "New® Acid Pit and Former Sludge Pit have been
‘ abpraximated by apparent resistivity aantour#'raﬁqinq frbn_vs.ta,loa

,chm-feat.(za:to 30 chm-meters) or less.

Other low resistivity targits have been identified that may be related
to on-site waste disposal. ' The very low rnsistivity targets,
particularly north of the *New" Aeid Pit and north ut'nonitor will-

MW=7 should be evaluated to determine their full extent.

12
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5.0 RESISTIVITY SURVEY LIMITATIONS

Resist;vity survey data and results prasentcd in thiu raport are
'derivad from and intarpreted from indirect goophylical invastigativa
techniques employed at spacific locations and, in part, !rau
subsurface exploration data obtained at the :ité'by others. The
inﬁerpret#ticnn‘madq at'apccitic'rdiiutiﬁity survey sitnmfarn'bcliQVed
to be reasonable based on the infdrpation available at the iine of
this study. Ihtorpretation; nay not rqprnsgnt; nor are they intended

to represent, subsurface conditions at oth.r'locaticnq.

Precision of,intorprotgtion-; such as layer thickness and\tru@r
‘resistivity of.iqyorcﬂ natiriali, can b§ expected to be no bqttar than‘
10 to zo'peréché of the true values. The prgci-ibn with which
-apparcnt¢resi¢tivity measuresents can be made at the surface is said
to be about +/- 5 percont.. Anomalies detscted by ro-iltivity,ncthods,
beliaved to be’ critical, should be verified by other methods sincc -

spurious anomalies can occur (Corpa of Enqinncrl, 1979)

5 =
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